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EVIDENCE OF A FEEDING AGGREGATION OF 
HUMPBACK WHALES 
(MEGAPTERA NOVAEANGLIAE) AROUND KODIAK 
ISLAND, ALASKA 
The known summer feeding range of the North Pacific humpback whale 
(Megaptera novaeangliae) extends from California, along the coasts of Oregon, 
Washington, and Alaska, into the Bering Sea, along the Aleutian Islands, the 
Sea of Okhotsk (Tomilin 1957), and to northern Japan (Rice 1977). In feeding 
areas of the northeastern Pacific Ocean, humpback whale photoidentification 
research has been concentrated off California (Calambokidis et al. 1993), south- 
eastern Alaska (Darling and McSweeney 1985, Baker et al. 1986, 1992; Perry 
e t  al. 1990), Prince William Sound in Alaska (von Ziegesar 1992), the Oregon 
and Washington coasts (Calambokidis et al. 1993), and British Columbia (Dar- 
ling and McSweeney 1985; Graerne Ellis, unpublished data). Results of these 
photoidentification studies have documented that individual whales tend to 
return to the same general areas in subsequent years (Darling and McSweeney 
1985, Baker et al. 1986, Calambokidis et a(. 1996, von Ziegesar et al. 1994). 
Comparisons between these photographic data sets have found one match be- 
tween California and southeastern Alaska (seen in California in the spring) 
(North Pacific Humpback Whale Working Group, unpublished data; Cal- 
ambokidis e t  al. 1996), six matches between southeastern Alaska and Prince 
William Sound (Perry et al. 1990; von Ziegesar e t  al. 1994; Olga von Ziegesar, 
Janice Straley, Dan McSweeney, unpublished data), and 11 matches between 
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northern British Columbia and southeastern Alaska (Darling and McSweeney 
1985; Straley 1994; Janice Straley and Graeme Ellis, unpublished data). These 
results suggest that there may be more interchange among the feeding aggre- 
gations from northern British Columbia up the coast to Prince William Sound 
than with the California feeding aggregation. 
Little is known about humpback whale movements and the discreteness of 
feeding aggregations in waters west of Prince William Sound, Alaska. The 
study of individual humpback whales in Alaska began with the use of Dis- 
covery Tags in the 1950s (Ivashin and Rovnin 1967, Ohsumi and Masaki 
1975). The recovery of 13 tags showed that seven individuals returned in 
subsequent years to the area where they were marked: two returned to the 
Bering Sea, three to waters south of the Aleutian Islands, and two to the 
western Gulf of Alaska. The remaining six whales were marked in one of these 
three areas and recovered in another (Ohsumi and Masaki 1975). The only 
study using photographs to identify humpback whales west of Prince William 
Sound (15 whales) found no matches to whales in Prince William Sound or 
southeastern Alaska (Baker et al, 1986). 
For the current study, humpback whales were photographed during killer 
whale surveys conducted in 1992 and 1993, and a large-whale survey in 1994, 
both by the National Marine Fisheries Service (NMFS). These surveys followed 
line-transect methods and recorded all cetaceans sighted in Alaskan waters 
near Kodiak Island, along the south side of the Alaska Peninsula and eastern 
Aleutians, and in the southeastern Bering Sea. The 1992 and 1993 surveys 
were conducted by the Alaska Fisheries Science Center’s National Marine 
Mammal Laboratory (NMML) from 9 July to 22 August 1992 (Dahlheim and 
Waite 1993) aboard the FIV Brzelyn Marie and from 13 July to 24 August 
1993 (Dahlheim 1994) aboard the F/V Glorita. The 1994 survey was con- 
ducted by the Southwest Fisheries Science Center from 6 August to 30 August 
1994 aboard the NOAA Ship Surveyor (Forney and Brownell 1996). When 
humpback whales were encountered, line-transect surveys were suspended, if 
circumstances allowed, to take identification photographs. Nikon 8008 cam- 
eras (primarily) with motordrives and 300-mm lenses were used with Fuji 
1600 black-and-white or Ilford 400 black-and-white film to photograph the 
undersides of humpback whale flukes (Katona et al. 1979). Negatives and 
contact sheets were analyzed to select the best fluke photographs of individual 
whales. The best photograph of each whale was printed and then visually 
compared to the following photographic collections: (1) 140 individual whales 
photographed in Prince William Sound from 1977 to 1991 (von Ziegesar 
1992); (2) 9 individual whales photographed in Prince William Sound in 1993 
(NMML unpublished data); (3) 500 individual whales photographed in south- 
eastern Alaska by McSweeney, Straley, and Jurasz in 1989 (NMML, unpub- 
lished data); (4) 464 individual whales photographed from southeastern Alaska 
(1975-1985) and 95 from the Gulf of Alaska including Prince William Sound 
(1977-1985) (Perry e t  al. 1988); and ( 5 )  5,177 photographs of an unknown 
number of individuals from the NMML humpback whale matching system 
taken in Alaska (Mizroch et al. 1990). This last assembly of photographs 
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Figure I .  Locations and numbers of photoidentified humpback whales during 
NMFS surveys in 1992-1994. 
includes most of the collections above, but also includes photographs taken 
through 1996 by researchers in Alaska, and other sets not available elsewhere. 
During the 1992 study, 82 individual humpback whales were photo- 
graphed: 65 from the Kodiak Island area, 10 from the Shumagin Islands, and 
7 from the eastern Aleutian Islands (north of Akutan Island) (Fig. 1). In 1993, 
54 individuals were identified: 42 from Kodiak Island waters and 12 from the 
Shumagin Islands (Fig. 1). In 1994, 28 individuals were identified: 20 from 
Kodiak Island waters and 8 approximately 150 nm south of the Shumagin 
Islands (Fig. 1, Table 1). From the total of 164 individually identified whales, 
eight were resighted in the Kodiak Island area between years (Table 2). An 
additional nine individual whales were photographed in the Kodiak Island 
region in 1991 by von Ziegesar. One of these was matched to the Kodiak 
Island photographs (Table 2). Adding these to the data set makes a total of 
Table 2.  
1991-1994. 
Number of humpback whales identified in the study area during the years 
Shumagin Eastern 
Kodiak Island Islands Offshore Aleutian 
- - - 1991 9 
1992 65 10 - 
1793 42 12 
8 1994 20 
Total 136 wl 9 resightings = 127 22 8 7 
7 
- - 
- - 
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Table 2. Humpback whales matched between years within the Kodiak Island re- 
gion. Whale designations refer to those used by the NMML system: von Ziegesar," 
and Waite.' The North Pacific Humpback Whale Working Group (NPHWWG) ref- 
erence number is given for each whale. 
NPHWWG 1980" 1991b 1992c 1993' 1994' 
Ref # (n = 21) (n = 9) (n = 65) (n = 42) (n = 20) 
2070 #3 #3 
25630 #29 #29 
25645 #4 1 #4 1 
25652 #48 #48 
25663 #60 #60 
641 1 1641 11 #85 #85 
25726 #86 #86 
25712 #88 #88 
19648 SH4 #lo6 
65 l651 #39 
164 different humpback whales photoidentified from 1991 to 1994: 127 from 
the Kodiak Island region, 22 near the Shumagin Islands, 8 offshore of the 
Shumagin Islands, and 7 from the eastern Aleutian Islands. During the match- 
ing process to other photographic sources, two matches were made to whales 
photographed in Kodiak Island waters during a survey conducted in 1980 
(Rice and Wolman 1982) (one of which was one of the nine matched already 
within the Kodiak region) (Table 2). These whales photographed in 1980 were 
not included in the total number of whales for the Kodiak Island region 
because the population could have changed significantly during those 11 yr. 
Two of the whales sighted off Kodiak Island were each photographed twice 
in 1992. One moved south 68 km in six days, while the other moved 10 km 
in one day. 
Four of the 127 whales from the Kodiak Island region and one of eight 
from the offshore waters (1994) were matched to whales in Prince William 
Sound. Two of the 127 whales from Kodiak Island were matched to whales 
in southeastern Alaska (Fig. 2). No matches were found to whales from the 
Shumagin Islands or the eastern Aleutian Islands. Matches between areas are 
given in Table 3 .  Five matches have also been made by von Ziegesar between 
Prince William Sound to areas just outside of the Kodiak Island region (Fig. 
1). 
The largest number of matches (four) occurred between Kodiak Island and 
Prince William Sound. We tested the hypothesis that the whales of the Kodiak 
Island region and Prince William Sound are a single homogeneous population. 
If so, then the expected number of matches between the two areas (n12)  can 
be calculated using a binomial estimator as 
where, n, and n, are the number of identified whales in each area and N is 
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Figure 2. Matches of humpback whales made between feeding areas. Lines do not 
indicate actual movement. Numbers preceding years indicate number of whales pho- 
toidentified that year. 
the estimated population for the entire region that includes Prince William 
Sound and Kodiak Island. If this is a single homogeneous population, the 
Kodiak Island data then represent a consistent annual sample of this popula- 
tion. Thus, we estimate N by the Schnabel method (Seber 1973) to be 651 
(95% CI = 406-1,569), using the years 1991, 1992, 1993, and 1994 in the 
Kodiak Island data as separate capture events. Using this population estimate 
(N = 651) and the number of whales photoidentified around Kodiak Island 
(nl = 127) and in Prince William Sound during the three most recent years 
(1989-1991) in von Ziegesar (1992) and the 1993 NMML collection (un- 
published data) (n,  = 104), 20 matches (95% CI = 8-33) are expected be- 
tween the Kodiak Island photographs and the Prince William Sound collec- 
tion. This is significantly different from the four that were observed (t-test P 
< 0.003). This result indicates that the populations are not homogeneous and 
suggests that separate groups of whales frequent Kodiak Island and Prince 
William Sound with a few individuals circulating between these two regions. 
Considering that the Kodiak Island whale group is not homogeneous with 
the Prince William Sound group, we then asked what fraction of the Kodiak 
Island group < f 2 )  does circulate to Prince William Sound. We again used a 
binomial estimator for this fraction as 
n12N2 = n12 
f 1 2  = - - 
121122 B l P Z  
where, n12 is the number of matches found (four), and p 2  is the ratio of the 
number of identified whales (n2)  to total whales (N2)  in Prince William Sound, 
including the circulating whales. There is no published abundance estimate 
for Prince William Sound so we considered two possibilities using the second 
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formulation: ( 1 )  that all of the whales had been photoidentified, p 2  = 1.0 
(using the data set described in the paragraph above, i e . ,  N, = 104); or ( 2 )  
based on the statement that in recent years fewer than 10% new whales are 
recorded each year (von Ziegesar 1992), that a conservative lower limit for the 
proportion p 2  identified is 0.50 (ie., N, < 210). Calculating for both possi- 
bilities with equation 2 we estimate that 3% to 6% of the Kodiak Island 
whales also visit Prince William Sound. 
For southeastern Alaska, the number of whales captured (on film) is un- 
known, because the many different sources of photographs have not been re- 
duced to one set of known individuals. Therefore, Equation 1 cannot be ap- 
plied. The most recent annual abundance estimate of humpback whales in 
southeastern Alaska is 404 for the period 1985 to 1992 (95% CI = 350-458; 
Straley et al. 1995). In the NMML matching system, of 3,908 photographs 
of whales in southeastern Alaska, 2,542 photographs have been matched to at 
least one other photograph and, on average, 41 other photographs, reducing 
the 2,542 photographs to at most 619 individuals. A thorough analysis has 
not been conducted to find matches between all available photographs, but 
we assume the majority of matched whales represent unique individuals. The 
high number of resightings per whale and the large number of identified 
whales relative to the abundance estimate suggests that most (50% < p2  < 
100%) of the whales in southeastern Alaska are represented in the NMML 
photograph collection. Using the second formulation in equation 2 ,  we esti- 
mate that 2%-3% of the Kodiak Island whales also spend time in southeastern 
Alaska. This result suggests that different whales frequent Kodiak Island and 
southeastern Alaska with a small number of individuals circulating between 
these two regions. 
The large number of humpback whales identified in Kodiak Island waters 
(n  = 127) and the low number of matches to other areas (n  = 6 )  suggest that 
this region supports a separate feeding aggregation of whales. Also, Calam- 
bokidis e t  al. (1996) found no matches between the Kodiak region and the 
feeding area of humpback whales off California. The low match rate across 
regions is similar to the rates of matching found between the other northern 
British Columbia/Alaska aggregations. It is clear that considerable site fidelity 
exists at identified feeding areas but that some movement between areas also 
occurs. There is likely considerable variation in site fidelity among individual 
whales. 
Two possibilities may account for the relatively low number of resights 
within the Kodiak Island area between years. It may be that the population 
of humpback whales is large and so the relatively small number of photographs 
allowed for only a few matches. As a crude comparison, the number of indi- 
vidual whales photographed in this study during 1992 (65)  and 1993 (42) 
was far less than the number of humpback whales observed during the line- 
transect surveys, 258 and 240, respectively. An alternate possibility is that the 
Kodiak Island aggregation is smaller than estimated, but some whales do not 
return each year, instead going to other areas not considered in this study. In 
southeastern Alaska, the total number of individual whales identified from 
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1985 to 1992 was nearly double the number observed in any given year. It 
was concluded that most of the missed whales did not return every year as 
they were observed in subsequent years (Straley et af. 1995). Further study is 
necessary to document the number of whales and the degree of site fidelity in 
the Kodiak Island area. 
Katona and Beard (1991) suggest that Atlantic humpback whales found in 
different feeding regions in different years might have been en route to their 
final feeding destination. Migration routes of humpback whales from winter- 
ing grounds to their feeding grounds in the North Pacific Ocean are unknown. 
All the matches presented here were of sightings in different years, so it is 
unknown whether these whales were ever in different feeding areas in the same 
year. However, because of the small number of matches between areas, it is 
apparent that the whales in the Kodiak Island region are not all migrating 
through on their way to either Prince William Sound or southeastern Alaska. 
Although there were no matches to Kodiak among the 22 whales identified 
in the Shumagin Islands, the data are too few to indicate reliably whether 
whales in Kodiak Island waters extend their range to the west. 
None of the 22 identified whales from the Shumagin Islands were matched 
to whales in other known feeding areas in Alaska or California (this report, 
Calambokidis et af. 1996, respectively). Brueggeman et al. (1989) suggest that 
there are discrete groups of humpback whales in the Shumagin Island region 
based on concentrations of whale sightings during aerial (1985) and vessel 
(1987) surveys. But again, there are too few photographed whales and no 
resightings from this study to speculate on the abundance or movements of 
humpback whales in the Shumagin Island area. 
During the 1992 and 1993 surveys, few humpback whales were sighted 
west of the Shumagin Islands. The seven whales photoidentified off the eastern 
Aleutian Islands in 1992 were found just north of Akutan Island. Adverse 
weather in 1993 in the Bering Sea prevented a sufficient search; only two 
humpback whales were seen and no photographs were taken. Stewart et af. 
(1987) found no humpback whales near Akutan Island during aerial surveys 
from late July to late August 1984. Whaling records, however, indicate that 
the waters around Akutan Island once supported a large number of humpback 
whales from June through September (Reeves et af. 1985). Although none of 
the seven whales identified in this area were matched to other areas, the sample 
size is too small to draw any conclusion about the possibility that the area 
supports a discrete feeding aggregation. 
One of the eight whales photoidentified offshore from the Shumagin Islands 
was matched to a Prince William Sound whale. It is unknown whether hump- 
back whales remain offshore during an entire feeding season. These whales 
were all photographed in August, when some whales may begin to move away 
from a feeding area. 
In summary, this study represented the first effort to photograph large num- 
bers of humpback whales west of Prince William Sound. The results suggest 
that, although there is a small degree of exchange to other Alaskan feeding 
areas, the Kodiak Island region supports a separate feeding aggregation. The 
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North Pacific humpback whale populations may segregate into separate feed- 
ing areas similar to Nor th  Atlantic humpback whale populations, where at  
least five geographically distinct feeding aggregations have been described 
(Katona and Beard 1991). Additional studies in Alaska, especially west of 
Prince William Sound, are needed to better define feeding areas in  Alaska. 
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BENTHIC FORAGING ON STINGRAYS BY KILLER 
WHALES (ORCINUS ORCA) IN NEW ZEALAND WATERS 
One method of foraging not previously reported for the killer whale is 
benthic foraging. This paper describes frequent feeding by killer whales on 
rays in shallow water off the North Island of New Zealand. Few accounts of 
killer whale predation on elasmobranchs (sharks, skates, and rays) have been 
reported worldwide (Fertl et al. 1996). However, rays may be important prey 
for killer whales in New Zealand. 
Studies of the New Zealand population of killer whales have been on-going 
since December 1992. To date (December 1997) 117 individuals have been 
photoidentified, using methods developed by Bigg et al (1987). Data were 
collected in an opportunistic manner. Killer whales were encountered after 
sightings were reported by the public (including whale and dolphin watching 
boats, fishermen, and Coast Guard). The whales were followed until such 
constraints as fuel, weather conditions, or the animals’ behavior would cause 
the encounter to be terminated. Where possible, photographs of individual 
whales were taken, using a Nikon F90x camera with a 80-200 lens and Kodak 
100 Select transparency film. Observations of behavior were recorded ad libitam 
